Background: Technology-induced increases in stress can have adverse effects on the nervous system. Objectives: The aim of the present study was to investigate the effects of chronic multiple stressors on morphometric changes in Betz cells in the rat cerebral cortex. Methods: Eighteen Wistar rats were divided randomly into two equal groups. One group was then exposed to different types of stress (forced swimming, restraint, water deprivation, isolation, and food deprivation) for 10 days, and the other group (control) remained in cages and was not exposed to any stress. The animals were then weighed and anesthetized, and their brains were removed and weighed. After fixation, the brain samples were prepared for light microscopy study. The number, size, and incidence of apoptosis of Betz cells in the internal pyramidal layer were determined using the ImageTool software program, and the data were analyzed using SPSS software and a t-test, with a value of P < 0.05 considered statistically significant.
Background
Emotional disturbance or emotional stress refers to responses to harmful effects of external stimuli (1) . In the long term, the variety and type of stress can lead to stress (2) . Studies have reported that chronic social stress caused changes in the secretion of neurotransmitters and in neural structures and led to a variety of disorders and diseases (3) . Studies of the impact of various types of chronic stress, such as food deprivation, water deprivation, immobilization, forced swimming, and social isolation, on animals found that stress-induced physiological changes depended on the amount, frequency, and duration of exposure of the animals to the stressor (4, 5) . Stress was shown to have both physiological and psychological effects and cause mental and behavioral changes. Experimental evidence suggested that stress gave rise to structural changes in the neural network, such as the hippocampus, prefrontal cortex, and the amygdala (6) . Apoptosis is a programmed process of cell death, which can be induced by physiological and pathological stimulation. Research also demonstrated that stress increased apoptotic markers in most tissues, such as the neural system. Stress-related disorders were also shown to trigger neurochemical changes and subsequently the apoptotic process (7). According to one study, anything that prevented the growth of normal cells, such as exposure to toxic agents or freezing, had the potential to trigger cellular apoptosis (8) . Various physiological and psychological stressors were reported to affect the hypothalamic-pituitary-suprarenal cortex, hypothalamicpituitary-gonadal system, adrenomedullary system, and sympathetic system and to cause wonderful effects in some members the body, with dramatic changes in the sympathetic nervous system (9) . The internal prefrontal cortex is involved in cognitive functions, including the regulation of the stress response (10) . This region is also involved in stress-related depression. Research clearly showed that stress caused dysfunction of the internal prefrontal cortex in animal models and that chronic stress induced morphological changes in Betz cells of the internal prefrontal cortex (11) . The cortex is composed of six layers. Betz cells, which are found in the internal pyramidal layer, and stellate cells account for the majority of cortical neurons (12) . A previous study showed that chronic stress was associated with molecular, morphological, and ultrastructural changes in the rat hippocampus that could potentially give rise to cognitive problems (13).
Objectives
Given the central role of Betz cells in motor activities and the dearth of studies in this field, this study aimed to evaluate the effects of different types of stress on morphometric parameters of Betz cells in the internal pyramidal layer of the cerebral cortex of rats.
Methods
Eighteen Wistar rats (200 -300 g) were randomly and equally divided into a stressed and nonstressed group (control). The control group remained in cages and was exposed to no disruption for 10 days. The stressed group was exposed to different types of stress for 10 days (Table 1) (14) . To minimize predictive capability, the animals were subjected to different types of stress at various times of day. To simulate restraint-induced stress, the animal was placed in a 21×6 cm plastic tube-shaped chamber, so that it could not move. Forced swimming-induced stress was achieved by placing the animal in a glass tank (44 × 33 × 30 cm, depth of 22 cm) filled with water at a temperature of 23 ± 2°C. The animals in each group were provided with adequate food and water.
After 10 days, both groups of mice were anesthetized by an injection of ketamine (60 mg/kg) and xylazine (6 mg/kg). The tissues were prepared (fixation, dehydration, clearing, and impregnation) using a tissue processor. Thin 5 µm slices were prepared by a rotary microtome. To avoid double counting of cells, five slices, numbers 5, 8, 11, 14, and 17, were selected from each sample. The sections were stained with hematoxylin and eosin (H & E), and microscopic slides were prepared and imaged using a Nikon camera. The images were transferred to a computer, and the number and size of Betz cells in the inner layer of the 
TUNEL Staining
The paraffin sections were dewaxed in xylene and rehydrated through a graded ethanol/water series, followed by washing in PBS. The tissues were incubated with 20 µg/mL of proteinase K in 10 mM Tris and 5 mM EDTA for approximately 15 minutes at 37°C and then washed in PBS. So they were affected by Triton X at room temperature, and they were then washed in PBS. The sections were incubated with H 2 O 2 for about 15 minutes at 37°C and then washed again in PBS. The tissue sections were incubated with TUNEL labeling solution (1 unit of enzyme and 9 units of labelling solution) for about 60 minutes at 37°C. Excess TUNEL solution was removed by washing in PBS. Finally, the microscopic slides were imaged using a fluorescent Nikon microscope. The number of apoptotic cells was determined using the ImageTool computer software program.
Statistical Analysis
The results are expressed as mean ± standard deviation (SD). Differences between groups were assessed by a t-test (SPSS software). A P value of less than 0.05 was considered statistically significant. A t-test was used for the data analysis.
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Results
As shown in Table 2 , the number and size of Betz cells in the stressed group were significantly decreased compared to those in the control group (P < 0.05). The qualitative analysis revealed chromatolysis of Nissl bodies, nuclear condensation, and loss of neuropils (Figure 1) . Moreover, the mean number of apoptotic cells in the stressed group was significantly increased compared to that of the control group, as indicated in Figure 2 (P < 0.001). b P < 0.0. c P < 0.001 compared to the control.
Discussion
The findings of this study revealed significant differences between large and small diameter Betz cells in the internal pyramidal layer of the cerebral cortex and significant differences in the numbers of Betz cells between the stressed and control groups. These results indicate that chronic sequential stress reduces the number of Betz cells in the cerebral cortex by causing cell damage and degeneration, leading to reduced cell sizes, cell death, and apoptosis. A previous study reported that astrocytes and Betz cells underwent apoptosis in the CA1 region in response to activation of the endoplasmic reticulum stress response and ischemia by caspase 12 (15) . In another study, social stress reduced the expression of genes associated with neurogenesis and thereby reduced cell proliferation in the brain (16) . A short period of stress (6 days) caused atrophy of Betz cells in the hippocampus (17) . In that study, the authors prepared sections of CA3 and CA1 areas of the hippocampus and observed that exposure to stress for longer periods resulted in neurons with shorter trunks and fewer branches as compared to those of a control group. The same study reported long-trunk neurons in the CA3 and CA1 regions, but this finding was not significant. They concluded that a short period of chronic stress caused atrophy of neurons in the hippocampus. Both the hippocampus and gonadal, thyroidal, and adrenal hormones have been shown to be sensitive to stress, with stress-related changes occurring in synaptic structure and dendritic structure and regulation in cerebral gyri during development and adulthood.
The plasticity induced by stress has been shown to depend on the type of stress. Frequent stress caused atrophy of dendrites in the CA3 region, whereas acute and chronic stress inhibited neurogenesis of dendrites of granular neurons in cerebral gyri (18) . Chronic immobilization-induced stress induced contraction and retraction of dendrites of Betz cells in the infralimbic area of the prefrontal cortex of rats (19) . Immobilization stress for 3 weeks in rats caused significant changes in apical dendrites of Betz neurons in the second and third layers of the internal prefrontal cortex and decreased the number and length of dendritic branches of these neurons (20) . Swimming stress resulted in a significant reduction in apical dendrites of pyramidal neurons in the prefrontal cortex and inferalimbic area of rats (21) . In contrast, the morphology of prelimbic neurons did not change in response to stress. The authors concluded that neurons of the inferalimbic area but not the prelimbic area were sensitive to even minor stress. In another study, stress reduced the numbers of pyramidal cells in the CA3 hippocampal area of pregnant rats during pregnancy but had no effect on hippocampal CA1 cells (22) . Immobilization stress caused atrophy in apical dendrites of Betz cells in the fifth layer of the prefrontal cortex in rats (23) . The activation of neurons and release of neurotransmitters affect the allostasis (internal stability and balance) of the brain. When someone is struggling with stress frequently, allostatic mediators cause wear and tear of the body and the brain that is called allostatic load. Examples of allostatic load include the accumulation of abdominal fat, bone mineral loss, and atrophy of nerve cells in the hippocampus (24) . Research showed that stress led to atrophy and cell damage, which was followed by an increase in the release of corticosterone from the hypotalamo-pituitaryadrenal axis. The administration of stress hormones, such as corticosterone, was shown to simulate the morphological effects of stress (23) . Corticosterone also resulted in atrophy of neurons in the hippocampal CA3 area and the second and third layers of the prefrontal cortex. Receiving corticosterone for 3 weeks gave rise to changes in dendrites of neurons in the amygdala and pyramidal neurons in the CA3 area of the hippocampus (25) .
According to some research, the reduction in the size of Betz cells in the cerebral cortex may be due to the production of free radicals following exposure of animals to stress. Some researchers believe that social stress by producing kinds of reactive oxygen and combined with bilirubin leads to increased biopyrrin. Biopyrrin can also be a symptom of social stress (26) . The observations of chromatolysis of Nissl bodies, nuclear condensation, and loss of neurites in the qualitative analysis in the present study point to a reduction in the size and number of neurons and neuronal damage, as shown in other studies. Apoptosis plays a crucial role in brain development by regulating the growth, migration, and contact of cells. Studies demonstrated that oligodendrocytes were sensitive to stress and that stress caused apoptosis during embryonic and adult life (27) . The stress-induced damage led to a reduction in cell size, cell death, and apoptosis. Osada et al. showed that astrocytes and pyramidal neurons in the CA1 region underwent apoptosis in response to increases in caspase 12 after endoplasmic reticulum stress induced by ischemia (15) . Stefani et al. showed that stress resulted in an accumulation of intracellular proteins by an unknown mechanism and that the latter accelerated the apoptosis process (28) . In a study of the relation between oxidative stress and brain development, oxidative stress in response to DNA damage led to congenital metabolic disorders and caused apoptosis of neuronal cells (29) . As the main source of energy, mitochondria are sensitive to stress-induced apoptosis, and the brain, which requires a high level of energy, is sensitive to mitochondrial damage. A previous study showed that stress-included mitochondrial damage caused apoptosis in brain cells and attributed various diseases, such as Alzheimer's, Hunting-ton's, and Parkinson's, to such stress (30) . Active apoptosis of glial tumors, which have the potential to cause death with 12 months, was shown to activate the endoplasmic reticulum stress response (31) . Psychosocial stress led to damage of nerve cells in the rat, with the stress affecting interleukin and lipid peroxidation and inducing apoptosis of hippocampal cells (32) . In a study of the number, size, and density of cells and the incidence of apoptosis in neurons and glial cells in the brains of people with bipolar disorder after death, oxidative stress increased the expression of apoptosis and reduced the size and number of cells (33) . The results of the present study showed that chronic sequential stress had negative effects on rat cerebral cortex by reducing the size and number of Betz cells and increasing the incidence of apoptosis. However, more studies are needed to confirm these results.
